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(57) Animpeo*r»cenxjn*or^ 
montt " l "9 ino electrical Impedance of tissue as 4 is 
t mated w*h eleetresurgfcal anargy. Baaed on a predicted 
model of tissue impedance and a number of Wttai *tv 
pedartce reodkigs. the impedance at which tissue treat - 
ment is completed is predictad Mo#e particutarty. a min- 
wnum mpedence level la measured and a function of the 
minimum impedance * used todatemune vnpedancsat 



w«chc©e*uiebcnb completed 
vidad tor bring** the output of the Generator with* an 
optimum range based on a system toad curve. In one 
embodiment the impedance monitoring device is used 
in conjunction with m bipotar efectmeurgicai instrumsnt. 
PrelerabJy. the instrumant comprises etecfncaSy oppo- 
ssc electrodes located on one or more tissue engaghg 
surfaces for •nosing kssue to betreatod 
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OottilpUon 

Field of the Invention 

This invert ion relates to electrosurgical tissue treat- 
mar**., end in particular, to a method and apparatus tor 
controffing the electrosurgrcal treatment of tissue by 
measuring impedance of the tissue being treated by an 
alecuosurgical device 

i 

Background cf the Invention 

Electrosurgical generator are used to deliver ther- 
apeutic electrical energy to surgeaf instruments. These 
mstruments are used for example, tor cutting, coagula- 
tion, tissue weld i ng, aeration, and dissection. Both mo- 
nopolar and fc*poter generators typical^ supply »l^tK> 
surgical energy n tie radio frequency (RF) range to such 
Ttstrurnents. Usuafly such generators include controts 
that regulate the voltage and/or current so mat a select 
power level is approximately delivered and a maximum 
power level is not ex cee ded. 

When such RF generators are used, the pnmery 
control k the experience of the surgeon who resp onds 
to what is observed to be happening to the tissue as * is 
treated w«h the RF energy. Often, particularly for endo- 
scopic procedures, surgeons cannot readey see what ts 
happening to the. tissue! Also, the change in tiseue prop- 
erties due to The RF energy may occur so quickly sons 
not to afford time for the surgeon to react soon enough 
to turn off electrical energy to the rn stru msnt As a result, 
*ome p/oolems when may occur include tissue crwimng. 
sticking c4 thtue to the etoctrcoes of me aurgtcaJ mstru- 
nwrt. end over or under Veatmenj of tissue- 

It has been recognized that the tissue impedance 
changes as RF energy is applied to the tissue. Attempts 
have been made to control the power delivered to the 
tissue as tie tissue impedance changes. For ex am ple, 
current has been controlled based on the change in the 
vc*og© of trie power delivered by tno generator to tissue 
The differential quotient of tissue irnpedance as RF pow- 
er Is applied to me tissue has been used to determine 
an initial power level and to switch off RF power when 
the dfflerential quotient of imped a nce reaches a preset 
value. 

Notwit hs tandin g these control a r r an gements, there 
is a continuing need tor improvement in the control of 
electrosurgical energy d eli v e r ance to the tissue andtor 
delermwation of when tissue treatment has reached an 
optimal level. 

In p art i c ul a r there is s need to provtoe a device and 
method tor determining the end port at coagulation tor 
a variety or a range of tissue impedance, due to, e.g.. 
vetymg tissue composition, tissue types and treated tis- 
sue areas andtor volumes. 

The present invention relates to a device and matt- 
od of the type described e» 6P-A-0 640 317. 



Summery of the Invention 

The present siventean provides an impedance mon- 
itoring device and/or method wrmch rrmrtttors »he rnped- 
5 anceof tissue between poles of a therapeutc elect/oeur- 
gicai instrument. Based on a model of expected tissue 
wy eda nce berurvtor over time with the dotimranco of 
electrosurgicaJ energy; the rnonitored tissue impedance 
o used to deterrnine tissue status. This win be deeenbed 
10 in more detai betom A signal In dicati ng status of tissue 
rs provided ether to a user or to an instrunvjntcontmser 
The device may also incfuda a swdch which automati- 
cal ty turns off the electrical energy when treatment is 
completed. 

In accordance w*h the present invention, a tissue 
impedance rnonitor is provided which continuously 
measures tissue impedance as sfectrcaJ energy is de- 
bvered to tissue. Aooordrtg to known tissue im p e dance 
models, tissue rnpedance irts^dnx^ as eMnoal en- 
ergy is eppped and then begins to rise again as coagu- 
lation occurs. The present I n ve nti on provides for estab- 
lishing a value tor the rnroiwrn impedance, ie.. when 
the impedance is at Its lowest value as *e energy is ap- 
plied. Ther*. the snpsdamvaSje anticipated to provide 
the desirecl tissue effect b determined by catoulailng a 
selected tunction of the established minimum imped- 
ance. When the measured impart snc a rises to the level 
of trie impedance. value for the desired resut, e.g.. co- 
agulation, tissue wetrjng or a level of diathermy, the in- 
strument win wriest o of. provide a response for such 
event. The present Invention la preferably adapted so 
that the oondiion is detected lor a range of expected tis- 
sue impe dance s which varies according to tissue type, 
areaendtor volume. 

In a preferred ernbodknonttho desired tissue condi- 
tion is where coagulation is completed. When tits point 
hesb»enreert^etsedbeckslgnaibp«ovictodtoacon- 
trot unit or to tie user, at which time tie energy supply 
is s witched off. The feedback signal may. tor example, 
provtoe s visual, eudfcto or tactile signal to a ueer. andtor 
may provide instructions to a control una toautomatcaJry 
turn of! energy supptied to the tissue. 

Optionally, the devi c e may also include a switch, 
adapted to turn off electrical energy when a short circuit 
condition is detected, when an open circuit condrtion is 
detected or when the device is on, Le.. supplying current 
or votage for a preset msoumum amount of time. 

in acc ordance wth one aspect of the present inven- 
tion, an stectrjosur gj eaf enpa'T tiT ***** OBOrjutatsig tt*«f 
during a surgical procedure comprises an and effector 
writh opposing interiaca^g surfaces which may be closed 
to war d s each other to engage tissue to be e le ctr os urgi- 
catty ueated. Preferably tie end effector rrictudes first 
and second ele m e nts movable relative to one another 
tor engaging tissue to be co agulate d therebetween. At 
toast one of t*efst*rir^pots^ 

prised of an eli clr cde associ a te d we^ai least one of the 

rtret and mcwmI mt mmmmUm. Tt%m m%mattuttm m *» HrtWl 
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with the tissue to be coagulated. A power controller re- 
sponsive to a power control signal provides RF energy 
to the tissue contacting e*ectrode<s) of the first and/or 
second elements. 

Impedance measuring circuary is couptod to me RF s 
generator output and measures the impedance of the tis- 
sue between electrodes corresponding to the fast and 
second polea. Feedback circuitry is coupled to the 
pedanee measuring circuitry. The feedback circuitry in- 
cludes a first device tor detemmtng a minimum imped- ,0 
ance value end holding sard rrwurnurn impedance value. 
a second device provides a threshold determmmg circuit 
coupled to the first device. The threshold determining cir- 
cuit determines a threshold impedance value as a func- 
tion of the held rnrisnum impedance vatue. 15 

The threshold rieterrnining circuit may comprise an 
analog devee for deien wrong the function of rninimum 
' impedence or. a digital circuil including, lor example, a 
look up table lor determining the threshotd impedance 
value based on an input mWmum impedance vakie. 20 

After, e threshold vatue has been rjetermeted. a fcrst 
cornparator compares the measured impedance vakie 
to trKesltoxl impedan^ « power 

control signal to the power controller to control the RF 
energy desvered to the tissue. upon the condition of.the 
measured vnpodanco value ejtcooding the threshold kn- 
pedance value. 

A power conuofler mey include at least one elect neat 
switch tor selectively supplying RF energy to the instru- 
ment to coagulate tissue positioned between the first and » 
second elements. 

The power controser may selectively switch on the 
power suppsedto the tissue under a number of condH 
tkjns. The controller may be used to switch off power 
when the measured impedance value exceeds the ** 
threshold impedance value, when an open cirwieono> 
l on <x a short circuit condition tnamXa. or if voltage and 
current is supplied tor e period of ume exceeding e max- 
imuro. 

Another aspect of the present invention provides a «> 
control devkM for bringing the energy output of the gen- 
orator wrthri an optimal range determriedby a system 
toad curve. The control device uses measured load im- 
pedance to determine the desired energy fevel output 
and compares the desired energy output to the actual 
energy delivered to a target including tissue. The control 
device takes the. resulting comparison and controls the 
generator output accordingly. 

AHhougn the instrument may rje a rr^ , 
or a muttpotar device secluding two or more than two *» 
po*es.theenderlecic*pmterribry inctude* two electrical- 
ly opposite electrodes raxresprandrng to two electrically 

oppo s ite poles 

tn the profaned bipolar device, electrically opposite 
electrodes of each of the poles are located on one or « 
both of the opposeig surfaces. Each of the hrst end sec- 
ond oloctTX^V oppoaxe potes composes al taa« ooe t»s- 
cue conteclrtg lectiorJ s. The electrode* ere erreno*d 



on the distal end of the etectiosurg«al deves so that 
when the first and second elements close together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The rmpedanw nwnrtor- 
nq circuk moniors the impedance of the ttsaue between 
the electrodes during the dafivery of RF energy through 
that tissue. As rJe scrib od above a minimum impedance 
is measured from which threshold impedance o calcu- 
lated. A oomperotor comperes the measured knpedanco 
vatoes to tho detormjned threshold mpedance valve and 
generates a control signal to switch ofl the RF power de- 
livered to the tissue, upon the condrrion of measured im- 
peoanw value exceeds^ fhe thrashed 



In one preferred embedment each of the •lectrodee 
eoriespondng to the first pole are of set with respect to 
the interface*/ surface from each of the eleetrodes cor 
respendvig to the second pole, momertarords. the elec- 
trodes are offset from each ©*ter so that they are not 
rjevnetricafy opposed from each other on interfacing 
surtaces or they are separated and insulated from each 
other on the same surface. 

tn the preferred embodiment the eieetrosurgical in- 
strument compresses tissue in a compression rone be- 
tween the first interfacing surface and the second inter- 
lacing surface and applies electrical energy through the 
compression rone. More preferably, the compression 
zone is an area defined by a compression ridge on one 
of rWsitertaeing surtaces which compresses the tissue 
against the ori>er irtertedng surface: Attemrtlireiy or in 
sddrbon. there may be a compre ss ion ridge on both «n- 
terteefng surtaces. 

One erribcdfcnent includes a cutting elernent asso- 
ciated with an end effector. The cuttmg element is ar- 
ranged to cut tissue at or near tie coagutotion site. Pref - 
erabiy. the coagulation is completed prior to any me- 
chanical or other cutting at or around fhe ooejgutation 
site- Once tissue is coagulaied or cauterized, the cutting 
element may be used to cut through the cca^ 
sue or between two zones of tissue coagulation 

to another on tofi me ntlta 
cerporated wuo a linear cutter sirrele/ to a liriear cutting 
mrjcr aruca l stapler. In this embodenent the hemostatic 
device er*np«ee two substan^ 
ed electrode bars which are assocaaied wtth one pole, 
and a slot tor cutting means to travel between the bars 
Optkjnaty one or more rows of staples may provioe on 
each side of the skat and bars to provide adrjtional he- 
mostasis. 

tn operation, tissue is darnpod between two ja ws of 
the rnstrurner*. end eieebkal eriergy in the fc^ ct radfa 
Ireouency CRF*> energy is euppfied to the cornprassed 
useue to coagulate or cauterize Mood vessels atongme 
two subeientiaiy peraJel bars. Based cntheinpedance 
modeling of the device wtth this epee*^ electrode con- 
tigurabon, an app ro priate function of the minimum vn- 
padance rs rcxporated mto the impedance feedback 

ctrcu* to dciMiMW en mMMOoriatm **rm**at*t ■ «— 
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level. A warning rnechanrsm ts used to warn me use* 
when me impedance is out of range or exceeds the 
threshold vnpadance tavei. Also (he warning signal may 
be directed to a control circuit or power controller adapt- 
ed to then provide an appropriate nstrument response, 
including where appropriate to turn off the RF energy de- 
livered to me Itssue. 

in accordance with another aspect oi me present in- 
vention a method ot operating apparatus tor electroaur- 
gcatty treeing tissue during surgical procedure is pro- 
vtied. AccordingV. a pretexted method comprises me 
steps ot applying RF energy to tissue to be etectrosur- 
gicatry treated by means of an eiectrosurgieal instru- 
ment; measuring the mpedanca of the tissue be tw ee n 
electrodes corresponding to two poles of the etec tr o su r- 
gjcal instrument: generating me impedance signal rep- 
resentative of me impedance of the tissue: and contrc*- 
ing the RF energy appied to the rtectrosurgicaJ instru- 
ment in response to the impedance signal. 

The step of centreing me RF energy eppeed to me 
elect rosurgicaJ instrument may cornprise the steps of: 
Determining and folding nwwrium ntpe da n ce value: da- 
t ermmng a mreshosi impeda^ value baaed on^ 
ten of ih« mranum impedance value: cornparing meas- 
ured impe da nce values to the threshold xr^edance val- 
ue: and generating a control signal to control or switch 
off me power of me controller upon the condition of 
measured irnpedance value exceec^ me mreahc* im- 
pedance value. 

In accordance with yet another aspect of the present 
invention, a method of operating an etectrosurgieal ap- 
paratus tor coagulating tissue during surgical procedure 
comprise* the steps of. providing an efecfiosurgical in- 
strument having en end effector comprising the first and 
second tissue engaging surfaces, at leeat one of eakj first 
and second tissue engaging surfaces inctucfihg thereon 
a tissue contacting «4M»octo. escoctaiad with a first pole 
of an elearoaijn>cel system and at least one of said first 
and secondtissue engaging surfaces containing thereon 
a second tissue contacting electrode associated with a 
second pole of the system: engaging tissue to be coag- 
ulated between me first and secondtissue engaging sur- 
faces: selectively ccxMtirtg RF energy su pp sed to the 
first and second tissue contacting electrodes for coegu- 
tsfog tissue positioned there be tween: measuring me im- 
pedance of the treated tissue: doterrrvntng and holding 
a rrwwnum impedance value: duter mining a threshold 
impedance value based on a function of the nwwnum 
impedance value: companng measured irrpedance val- = 
ues to the mrssnold impedance vefoo, end controlling or 
switching off the RF energy connected to me first end 
second electrodes upon the condition of the measured 
im p edanc e value exceeding me threshold impedance 
value. 

Other objects and advantages of the invention writ 
appelant Horn me foe o w mg desenpuon. me accompany- 
cng drawings and the foadweig dawns • 
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Srtet Deecrtntton of the Drawings 

Fig. 1 is a side view of a bipolar e n do sc opic electro- 
surpjcal instrument operable in accor da nce with the 
present invention; 

Fig. 2 is e partial cross-sectional view of the distal 
end of the m trument of Fig, 1 in an open position: 

Fig. 3 is a partial cross -sectoral view of the distal 
end of me instrument in Fig. 1 in a dosed, unfcred 

position: 

Tig. 4 is a partial cross eectional view of the distal 
end of the ristrument in a closed fired pceiiion; 

Fig. S is a front cross eectional view of me dotal end 
of the instrument of Fig. 1 along the line 5-5: 

Figs. 6-9 represent a schematic block Diagram of a 
rnxaoprc ces sor co ntrol led impedance metering 
apparatus tor cert rosing the fV ertet^ O^ ered by 
elecliosuigeali^siAimer^rtF^elr ' 

Fig. 10 is a schematic block diagram' ot an analog 
ernbedimeni of the corttroeor tor use in the appara- 
tus of Figure 1. ' *.'.' 



2i 



Fig. 1 1 to a topic diagram of me cohtrbler ot^ig. 10 
*> iSustrmtng corxn* logic tor RF output control; and 

Fig 12 is a characteristic curve Bajstrataig the 
change m impedance over time during application 
of otoctraourgicat energy to tissue using the ele ctr o- 
ss surgical ristrument «u*trated In Figure 1. 

Peteljod, «W*tt»t»ori ot the Invention, 

While the present invention » generally appacable 
40 toavarxwyolefectrosurgi^^ 

tor and multipolar; and both cm iveo u ooal and endoecop- 
ic, it wej be described (herein wth reference to a bipolar 
enear cutting hstrument 

The primary purpose of fher imped a n ce monitoring 
«5 device is to deterrrxne when the tissue hea been treated 
toadesveddegree. FYeferatJVt^ 
ed when the tissue has been cauterized er* before ex- 
cessans tissue sticking, burning or charring occurs. The 
impedance of tissue as it is being heated wifh electro- 
ns surgical energy generaJty fdtow* a chsflkseristJC tiseue 
e wpedance curve According to me ii hped an ce curve, 
gsneretty the irnped ance wiO decrease, arrive at a min»- 
mum value, and then rise as coaguiattc* and tissue dee- 
iccation occurs. At an impedance or within a range of 
ss ■ryo dancos on a cttaractenstic curve, coagulation wiO 
predictably occur. 

Figure 12 is a characteristic u Tt a ed ance curve tltue- 

Ustino »»• ehsnee m tissue k 
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the apptcaton of elect rasurgce) energy using the elec- 
trosurgieal rwtrument illustrated in Figs. 1-5. The 
present invention determine* a threshold impedance on 
the curve at ***** coagulation has occurred. Z tMt ^ 46. 
Thb impe da nc e is based on the value of the lowest im- 
pedance on the curve. 4S. i e . wnon me impedance 
has stopped falling and begins to rise. A function of the 
miwim impedance tUmm) « used to approxrnatery 
precftct a point at which coagulation occurs. Z*^* 46. 

Referring now to Fig. 10 there ts rtustrated a sche- 
matic block diagram ol en analog ertx»diment of thesn- 
pedance rronsoring device of the present irwenwdn. The 
impedance monitoring oevce dotormnes when coagu- 
lation a complete as wel as other mstiurnent parame- 
ters, for example. ri there « an open orcus. short circuit 
or if voltage and current is supplied to the tissue tor more 
than a predetermined maximum amount of time. Such 
conditions may indicate a problem with the instrument 
and/or tissue engaged by the instrument. For example, 
if excessive, not enough, or siappropnale tissue is en- 
gaged by the nstrument. 

The instrument 10 is postponed to engage tissue to 
be treated. Then, when appropriately pos*ioned..RF en- 
ergy a supplied to the tissue. 

A generetor 70 supplies RF energy to the tissue en- 
gaged by the end effector! 15 of the instrument 10. Pref- 
erably. 30 to 200 volts RMS at a fundamental frequency, 
preferably of a sinusoidal waveform eta frequency o( 
about 300 Khi to 3Mhz is supplied with acurrent of about 
0 1 to 4.0 amps, the generator 70 is turned on by a user 
operated swttch. 42- The user operated switch 42 pro- 
vides a signal. to the controller 79 to turn on the energy. 
The output 129 of ths controller is coupled to an analog 
swtch 130. When output 129 provides an W on* signal 
to the switch. 1 30, an oscitetor 72. coupied to an analog 
multiplier 75 through the switch 130. suppbes a voffage 
of a known frequency to the analog miHtipear 75 . The 
output of the analog multiplier 75 is coupled to a driver 
76 which rs coupled to the input of an RF emptier 71. 
An amplified RF signal is supplied by the generator 70 
to a circuit 80 whch includes the first electrode 39 and 
second electrode (anvil 1 8) of the insuument 10. and 
the tissue 43 to.be treated by the instrument 10. 

The current; and vottage delivered to the tissue is 
measured sod an RMS currerU (1 RM3 *) end an PMS vo4l 
age ("Vrms") • determined. 

A vottage and current sensor 81 senses the current 
and votage delivered » me tissue. The vottage and cur- 
rent sensor 81 includes a tow impedance current trans- : 
" former 82 in series wflh the generator TO. and a higtv 
. impeaance voltage transformer 83 connected in parasel 
across the generator 70. Preferably the current trans- 
former 82 has. tor example, a 1:20 winding ratio and a 
SO ohm resistor, in parallel with the secondary of the 
transformer Preferably the votage transformer 83 has. 
tor example, a 20:1 winding ratio and a IK ohm resistor 
in parallel with the secondary of the transformer. 

The output of the current transformer 82 is couoted 



. to an RMS convenor 84 The RMS converter 84 converts 
me sensed current to a DC signal to provide output 86. 
representative of I ma- The output of the voltage trans- 
former 83 b coupled to an Rl^ converter 85. The RMS 

5 converter 85 converts the vottage signal into an DC eig- 
ne! end prevtoe output 87, representative of V RM3 

The measured impedance. Z, is then calculated 
from the measured Inland Vrms. The outputs 87. 85 
of Vrms and i* us are supplied to an analog divider 68 

io which divides me Vr^ by the current- Irms to provide 
an output signal 89 representative of the measured im- 
pedance. Z. 

From the Im^ V»u*s and measured impedance, Z. 
the rnpedance rnon i toring device determines whether a 

i* short icircusor open ck^cen0tom*^*Ataihmvcn' 
age endcuwerarujsbeon r Josver o dforan amount of time 
exceeding e predetsmuned majomum. and whether co- 
agulation rs complete. 

A short circuit condition is determined by comparing 

to. the measured ■npedance, 2. to a predetermined short 
crcua rnpedance threshold at or betow which short crr- 
curt is likely to exist CZse") If the measured 2 is at or 
betow the Z^, a short ctrcutt signal is provided to the 
controller. 

2s ..The impedance signal 69 Is input to a snort circus 
detector 90 comprised of a comparator: The positive m- 
. put 92 of the comparator is connected to a potentiometer 
93 which sets the threshold impedance. When me 
rnpedance signal 89 causes me input at the negative 

M input 94 oi the comparator 91 to be lower than that a* the 
positive sTput 92, an •on* corxAion orxurs ai the output 
gsof tha.compawtor 91 . This condition is commwwcaJed 
toaloesccorttrosar79wtti(^pro 

instrument response, which, in this eiisjoUtmu t, sv 

js crudes turning off RF energy. 

An open arc u* condition exists if there is a vottage 
between the electrodes 18. 39. and no current. An open 
circuit a determined as tottaws: If the V nU5 is above a 
. predetermined minimum threshold ind i cat in g a voltage. 

*° Vfw-» 0x9 'ana » below epredeleiiiiiiiedrninjmum 
current threshold incecoting a current laueW ,lwn 60 
open cmru* wgnel rs provtoed to a controOer. 

A current threshold detector 106 includes a potianti: 
ometer 107 coupled to the negative input 108. The pr> 

4$ tentiometer 107 sets the tow*** level so that when a cur- 
rent is present, me current detector 106 wiO corticate as 
such. The 1,^5 signal 86 is connected to me positive in- 
put 109 of the comparator 106. Thus, when the t»j*s ■» 
greater than the value, lo^' set by me potentiometer 

so i07. a positive vottage appears at the output 110 of the 
current threshold detector 106. 

S^tany a voltage threehofd rJetsctor 113 includes 
a pc4emometer 1 1 4 connected to me iiegstrve input 115. 
The potentjometer tie sets the votage titreshold at 

55 vrficri lr>e ihrestxjto detector 1 1 3 registers a poefUve om 
pu». when a msmrnum vottage Is present. The 

Vrms signal is input to the positive input 116 of tie 

mfecnoU oataetor 113 tho». It rn* 
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v «itMh iel ^ m * potentiometer m. a positive voltage 
writ appear at the output 1 17 of the voftaga threshold de- 
tector 113. 

The output 1 1 7 of the voltage threshold detector 1 1 3 
is also coupled to an AND gate 111 and the output 110 
of the current threshold detector 106 is coupled to an <n- 
vened input 1 1 2 of the AND gate ill. The AND gate ill 
acts as an open circuit detector. When the V fos exceeds 
the V A ^, and where the does not exceed 
a logic 1 win appear at the output 120 of the AND gale 
111 indicating an open circuit. The output 1 20 of the AND 
gate 111 is coupled to the controUar 79 to communicate 
tne open orcuit status. 

II current or voltage is suppled an extended period 
of tone and a c o agu la t ion complete condition has not 
been detected, it may indicate, tor example, that the in- 
strument is not clamped on tissue or that a maifuncton 
has occurred rf the V^,, is above the predetermned 
v a-«* lh « 'r*ts » above l»^. then a tirrwr b turned 
on II the timer is on tor a period of time greater ran a 
predetermined maximum amount of time. T^. then a 
troe over signal a provided to tne controftor. H the dura- 
: tion ot the txner on « not greater than T^ then the de- 
vice continues »o supply RF current to the tissue and con- 
tinues to measure current, votage and impedance, etc. 
as described above. 

The output 1 1 0 of the current threshold detector 1 06 
>c coupled to an OR gate 1 18 which is coupled to a timer 
121. 11 the t fT49 exceeds the 1,--,,^. the outpul ilOof the 
. current threshold detector 106 will present a tog*: 1 lo 
the OR gate 118 which win then turn on the timer 121 . 

Similarly the output 1 1 7 of the vottage threshold da- 
tector 1 13 is coupled to the OR gale 118. M the V lh ^, is 
exceeded by V,**. the OR gate 118 wdl present a tog* 
1 at its outpul 11 9 and turn on the timer 121. The output 
123 of the timer 121 is coupled to the controller 79. When 
the timer 121 has bean activated tor an amount of tone 
that exceeds a preset threshold lime. T„„. the output 
. 123 vM be a logic 1. The timer is reset with the user ac- 
tivated switch 42 which is coupled to the timer reset input 
122. when the instrument 10 is reset 

A coagulation complete condition is determned as 
fotows: First. 7 t is determined. Then, a target xnped- 
ance at which coaptation a complete. Z,^*. » calcu- 
lated as a function of the mnimum impedance The inxial 
impedance. Z^,. Z^,^. slope of the impedance curve, 
and tone to complete may vary for a given application 
and/or instrument, but tend to correlate to a 1 under, of 
minimum impedance. Depending on me instrument used 
andftx the actual desved result the actual function of 
myWrnum xnpedance may vary, in thrs particular embod- 
iment t (Z**,) is inear: ((2^.) a 0.2Z + 500 This function 
is bound, i.e.. where 7„ ^ ts > 560 ohms, then Z^ vt1 rs 
Am. + SO ohms. t{Z^) may be a dXferent funcuon It 
mayboconmuous. non-oontnuous. linear. non-thMf, a 
piecewtse approxvnatxsn anoVor n the form of a look-up 
table HZ^) may also be bound at different values 
The vnpedanc* serial 89 is used to determine assue 



coagutauon as tofiowe: First, a deterrrunatjon is made 
whether the measured Z is a minimum impedance. Z^. 
Thempedance signal 69 is inverted and offset by a gam 
offset inverter 96. The outpul of the gain offset inverter 
5 96 is in turn is coupled to a peetc detector 97. The output 
T02 of the gam offset inverter is representative ot an in- 
verted and offset measured Z. i.e.. (Z+k) Z^ will now 
be the highest offset value of (-Z ♦ k) encountered 
The peak detector 97 thus detects and holds the 

»o highest value of the inverted and off sal measured imped- 
ance, Z. which is 7^ When Z^ has occurred, the out- 
put I03ofthe peak detector 97 brepmsersaPveof (-2^, 
♦ k) RF energy is contrtued to be appbsd to the tissue 
and the moniohng for short circuit open c*cod end tone 

is over as wed as looking for a Z^ continues until a Z is 
equal to Z^,. 
. When the Z^ has been detannmed^ function of the 
C(Z»iJ) b calculated to provide a impedance. Z^ 
at which treatment (coagulation) b completed The 

20 output 103 of the peak detector 97 is coupled to a thresh- 
old determining cucu* 98 which calcvtates the function 
ot Z^ to determine the Z^^.^ The output 99 of the 
threshold deterrnming circus b representative orz^^, 
when the measured impedance b equal to Z^ 

* s A continuous comparison is made between Zand! 
(Z^jJ. It should be noted here that f(Z^ a continuously 
caJcuialed as f(Z) unti a b oeiecfed. The compari- 
son is continuously made between Z and f(Z) unti Z, , 
b determined. Thb does not have a skj ntfican t conso- 
ls ' guenca. however, because > is a ntici pa t ed that f(2) wriH 
be larger than Zduhng tissue treatment and a premature 
coagulation cornpiete signal therefore wel not occur. 

tf measured Zb less than or equal to the Z^^tton 
RF energy b cantoiued to be suppsed and steps de- 

ss so toed abova ar e carried out imtt a s^ 

' vxJsd to the controller aSal there is an open circuit signal, 
short ewturt signal a time over signal or a coagulate 
comptste signal If the measured Z b greater than or b 
•qu** *o *Z«^o** l** 0 a «»gha!is providsd to the controuor 
thai ooagutatJon has been compieled Again * b noted 
that In thb errtxxJiment 2 has been inverted and sntfted 
in order to accrjmmodate 2^, determination via me peak 
detector 97. The im pe d ance values referred to in this 
paragraph are the actual impe da n ce values 

** The output 99. °^ Ihe threshold determining 

circuit 98 b coupled to the positive input 101 of a com- 
parator OP amp 100 The output 102 of the gain offset 
inverter 96 b coupled to the negative input 104 of the 
comparator 10O. The comparator 100 compares me -Z 

se ♦ k representative value which is inpu to the negative 
nput 104 of the comparator 100. to the Z t ^ v ., represent- 
ative value which is calculated as a function of -* rtr ♦ k. 
if -Z * k is less than or equal to the Z,^^,. the comparator 
output 105 wM be positive. That is. if the measured Z b 

« greater than t(Z^.>. a ccogutation complete signal will 
appear at the output 105 of the comparator 100 

A signal b provided to a ccntrotJe* lor each ec*xftion 



o 



02^-28 '9*? 12:11 REELFAX - 9141 



11 EP 0 703 461 A2 12 



the existence of one Of mor e ol lhos« condrtions the RF 
energy is autornatcaQy turned oft by the controller. Fig. 
11 iflustrates the system togc of the controller 79 The 
controller 79 includes a short croud input 1 24. a coagu- 
lation complete input- 125. an open cwcurt input 1 26 and 
a tme out input 127.. as welt as a reset input 126. The 
controler 79 also includes a RF control output 1 29 which 
switches on ano/or oft the RF generator delivery of etec- 
trosufgcaJ snergy to the tissue. As long as the output 
129 is a logic 1. the RF.ison. The output 129 is a logic 
1 when coagulate complete 125. time out 127. short err- 
cut 124. the open creui 126 and the reset input 128. 
afflaHalatogctr It any one or mors of the Inputs 1 24. 
125. 126. 127; 128 are el a topsc M ' the RF control outpul 
129 is a logic *0* and the RF is turned oft. 

A prelerred embedment provides a control device 
which controls the gener a tor energy output based on 
load impedance. The toao rnpedance it used to deter- 
fflne a preferred energy level, e.g. voltage, current or 
power level, based on a specie system toad curve tor a 
generator, instrument and/or application. The control de- 
vice then compares the actual energy level for the meas- 
ured impe da n ce with the desired energy level and ad- 
justs the generator output according to the difference ber 
tween the two. i.e.. preferably to mrirrwe the dtlerence.; 
between the two. 

The specAc toad curve preferably .reflects the. volt-:.:, 
age. currertf. power, fora w wM 
optimize performance of the irtatrument: The toad curve 
may have various forms, tor example, it may be contin- 
uous or may be stepped. The toed curve may vary from 
generator to gene rate* tor a particular rtstnrnent in use 
with the generator, or for a particular electrraiurgical ap- 
plication of the generator. For example, in a one embod- 
iment using an instrument , such as desenbed herein, 
three impedance ranges have been identified at which 
different energy requirements exist: Inrtofljr tissue im- 
pedance is in a lower range, e.g.. approxrnately 20 to 
100 ohms. In the tower ranges, more current is required 
to provide enough power to initiate tissue coagulation. A 
second, mid-range of impedances, e.g. approximately 
100 to 500 ohms, requires enough p ower to maintain tte 
coagutat ion process. A third range of higher rnpedancas 
typically occurring towards completion of coagulation, 
e.g. approximately 500 ohms and above, requires the 
vorugebefirnftedto p rever* 

Thus the system toad curve tn mis embodrnent would 
reflect both the inherent characteristics of the generator 
and voltage output at when optimum power o delivered 
for a particular rnpedance. as weO as the specfic power 
requrements for a predetermined rtstrument and appli- 
cation. 

Referring to Fig. 10. a generator with a servo toop 
control device, is iflustnrted. The impedance signal 89 
and the votage 7^ signal 87 ar e ted back to the gen- 
orator 70 through a control device which comprises a 
function fitting devtoe 61 and an error amplifier 62. The 
control device causes the generator 70 to onxSuce von 



ages within a desrred range based on a toad rnpedance 
fit to a specific toad curve. 

The rnpedance 89 ie fed to a function fitting device 
61. The output 64 of the tuncbon ftttng device 61 repre- 

s sents a desred voltage based on the input impedance 
89. This desred voOeoe tuncton is the voltage required 
for the generator 70 to produce a particular, pre-deter- 
mned toad curve. Desired voftags output 64 atong with 
actual voltage is fed into an error amplifier 62. The output 

re 65 of the error amplifier 62 represents an error voltage 
which is led into an ana tog muttipeer 75 rnrough a dtode 
77. 

After nai very, current, power or another energy pa- 
rameter may be used to control the output of the energy 

is source or got Wa aler 70. A signal corresponding to im- 
pedance of the target is rtput into the (unction fitting do 
_ vce which provides a desrred current, power or other en- 
ergy parameter output, which is then compared to the 
measured or calculated current, power or other energy 

20 parameter. ... 

The diode 77 ensures fret quadrant operation of the 
analog mutbpeer 75. The analog multiplier 75 functions 
as an amplitude modulator of oscilator 72 such thai targe 

... error voltages at output 65 resuft in targe outputs from : 

25 RF amplifier 71 And smal error voltages ol output 65 
. result to smaller RF output from RF amplifier 71. Thus, 
generator 70 acts as a ctesed-toop servo system based 

on voltage such thai a desred toad curve is obtained. 

The toop condensation device 63 acts to stabdize the 

30 sefvo loop it ixy etectricaJ parameter other than voftage 
is used, the form fitttog function preferably outputs a »»9- 
nal rijflecting the deference « the alternative energy pa- 

Ref erring now to Figures 6-9 a (tow chart *u*t/*te* 

ss a meexrJ for carrying out a microprocessor controlled 
errtoodrrnent of the present invention When the system 
is turned on {btock 200). the variables inctuding Zm,. 
V*re**» »**••*. Mf< and 8 *» «nrtiali2ed<btoclc 
201). The system contrwes to took for the activation of 

40 the RF swkch (btock 202). When toe RF switch is turned 
on. the toteoupu are set tor RF Switch (btock 203). tor 
Short Circuit (btock 204). and Open Circuit (btock 205) 
so that when one of these interrupt conditions occur, the 
rracroproceseor automatically goes u the instructions 

*s associated wth btock 234. 

After the cmerTupts are set. the timer is started (btock 
206). A sequence is run to check the RF ampWier hearth 
(btock 207). e.g.. to took tor an Amplifier On signal or to 
check rf certan votages are in a suitable range, ft the 

so amplifier is operating property. RF energy is turned on 
(btocks 208 and 209). 

rt the amplifier is not operating correctly, an RF Off 
request is made (btocks 209 and 210) and a Hardware 
Failure Alert flags set (btock 211). The system looks tor 

U s hardware laiure Bag (btock 233). When the hardware 
farure • detected, the controller provides a hardware 
failure atari rtckcatton and shuts off! (btocks 243 and 

2*4) 
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It hardware failure ts not reheated (block 233). men 
V w and 1^ « read (block 235) to deterrfHne d any volt- 
age or cunent is being supplied fay the system (block 
236). When the system is firs! Mtetzed. until the instruc- 
tion to turn on energy in block 209 ts reached, there 
should be no curren or voiege. It there is a voftago or 
cunent with the RF request off. then there is a hardware 
failure A hardware faiure alert is indicated and the pro- 
gram a stopped I blocks 243 and 244). 

it RF energy is turned on (block 209). then the V fm . 
and are read and the i m p edan ce. Z. is calculated by 
dividing the V„^ by the (block 2 12). The controOer 
checks to see a the V mtM and '..^ nags are set 
(block 2 1 3). These flags are set when a mewnum thretiv 
old vottage b present and a minimum threshold currem 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

II the and flags are set (21 3) the sott- 

• ware looks tor a time over oondMo n to deterrrMne if the 
device has been on for a period of time in excess of a 

• mmmum. If a tfcnis over condition is recognized, the tm- 
*«f flag ts set, RF energy « turned off (blocks 218 and 

219) and a hardware faSure check is run (block 233). 

After looking tor a time over condition, the controller 
checks ;for a short circuit or open circuit condition, tf a 
short or open circuit exists, the corresponding short cir- 
cuit or open circuit bit b set (block 220). RF energy is 
turned off (bkxk 221). and a hardware tadvre check is 
run (block 233). . 

." The controller checks again for and l #< «bi B «n 

block 222. before proceeding to the threshold detemwi- 
ing portion of the ckci* iftoetrated in Fig ft lithe vcJtage 
or current old not exceed V txr **> or Iqmmh in blocks 214 
and 216. the controOer iterates the sequence beginning 
at block 212 for detecting time over, short cfccufc. open 

• circui t, i.e.. the coagulation complete detection enable 
This enables the device to wan until enough currem arid 
voltage is defrverod to the circuit to check for the coagu* 
lation complete condition. 

. f tithe v |flrtl , and 1^^. flags are set. the short circuit 
and open areu« bits are not sat (block 220). and the time 
over condition does not yet exist (block 219). the mea*- 
uredimpedance usedtodetermine if coagutabon ts com- 
plete as follows. 

The 2 imtiaf flag is set during the first aeration and 
is n&atty assigned the measured kwped an c e value 
(blocks 223-225). InJbaJy. 7 1: a the same as the meas- 
ured vnpeoance and thus block 227 is bypassed si block 
226. A calculation b made of t(Z^) (btocfc 226) As long 
as the measured impedance is leas than the fiZ**,). the 
sequence is iterated (229. 231). In the next iteration of 
block* 223-231 . the newly measured vripedance is com- 
pared' to the previous measured impedance which has 
been assigned 2, ■ (block 226). As long as the «mpod 
ance a decreeing, 2^ will be reassigned the newval- 
us of the measured impedance Stocks 226 and 227) and 
the steps repeated. When the measured impedance is 
ltoffZ__). i • the ttwrn^teta imaed- 



ance. the coagutabon complete flag is cat (block 230) tf 
coagutatcn complete flag is set, the RF is turned off 
(block 232) and the hardware failure check is run. 

tlahorthe initial run through the program a hardware 

s failure alert occurs (block 233. 236) or an interrupt oc- 
curs, the prog ra m detemvnes the cause and indicates 
as such (blocks 233-242). The and 1^ are read, 
(block 235) If r» current w voltage b being defcveredto 
the system, the controller checks to see ■ the open ek- 

to cua. short cacus or time over flags have been set (btocfc 
237). « so then a signed indicate* which flags have been 
set. and the program b returned to start (btoefc* 240. 
242). Simterty. the controfer checks for the coegutobon 
complete flag (block 239). H there was the coagulation 

is complete flag has been set 1 wfl be indicated tor ten 
seconds (block 241 ). if not. « wtB be intfcaledaarwt com- 
plete (btocfc 240) and the program w»0 return to point al 
the start (btocfc 242). Preferably the electric* compo- 
nents selected to carry out the steps of Figs. 6-9 are 

90 adapted to provide e complete iteration of al the steps 
at least every 1/50 second. 

R ete rn rig now to Figs. 1 -5 there b illustrated en w 
sbument to be used In conjunction with the impedance 
feedback device of the present invention An endoscopic 

2S linear cutting and staptrtg instrument 10 b stiown having 
a housing 16 c oupled to a shaft 30 with a lumen extend- 
ing therethrough and an end effector 15 extending from 
the drstaJ end of the shaft 30. The end effector 15 com- 
prbes first and second el em ents which are comprised of 

30 mtertacng jaw members 32, 34. Jaw morrxjer 32 b mov- 
abty secured to tow me mb er 34. The housing 16 has a 
clamping trigger 1 2 for ctostog jaw members 32. 34. Jaw 
members 32. 34 are shown In an unctomped position in 
Fig. 2. in e ctomped position prior to instrument firing in 

** Fig. 3, and in a ctomped position after instrument firing 
in Fig. 4. 

Jaw member 32 comprise* an anvd 18. U-shaped 
electrode 39 extending along the length of the jaw 32, 
and a U-shaped insulating material 31 surrounding the 

*o outtxJeo<the etearode39. Ja w member 32 has an inner 
. surface 33 which faces an inner surface 35 of jaw mem- 
ber 34. The U-shaped electrode 39 composes two elec- 
trically communi ca ting electrode bars 27. 28 forming a 
first pole and located on and extending substantially 

*s a hong the length of the inner surface 33. The U-shaped 
ele ctro de 39 b c o mpris e d of a conductor, such as, ato- 
mir^wswgicalgracbsiainlesssteet The bars 27. 28 
are separated by a knife channel 29 extending longrtu- 
dtoafty through the rniddto of the electrco* 39. Pockets 

to 36 toceted oh anva 18 tor receiving staple ends are lo- 
cated along the inner surface 33. lateral to and outside 
of bars 27. 28. The electrode bar* 27. 28 and fnsutohng 
materia! 31 form a ridge 50 extending out retstrve to an 
amnt portion 37 of the toner surface 33 (Fig. 5). The etec- 

ss uode 39 acts as a first pete of a bipolar system. The envfl 
18 b formed of an e t e ckk a t y conductive rrxttanaJ and 
acts as a second pole of the bipolar system, sbctneafly 
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tatadfccm the electrodes by the U-ahapod insulating me- 
tonal 31. 

B*potar ooorgy may b« supplied to the and effector 
15 tram okKtrosuroicaJ generator 40 (fig. 10) through 
wires 1 9. 20 extend^ the body 1 6 of the instrument. 5 
Tha generator 40 is user lontrosed by way of swocn 42 

- (fig 10). Wfcs 19 provides electrical current to the elec- 
trode 39 through aiactrieoi contact moans axtondng 
through shaft 30. Wwe 20 carries a currant to tha anvfl 

18 and is couptad to tha anvri 18 through an aiactrical T0 
contact means standing through tha ahafl 30. Th« aiac- 
trical cwc u S is doaa d whan and only whan tha cfampsig 
trigger 12 is ct o aa d l A maans of connecting tha wire to . 
tha corresponding atactrada as wafl as svuumant actu- 
ation maans are dsscnbed in parent application S.N. 
08/995.797. hco r poratad herein by reference. 

Jaw member 34 comprises a cartridge channel 22 
and a cartridge 23 inserted into tha cartridge channel 22. 
The cartridge 23lnciudSsatiack2Sl6rwedge 13.alm*a 

- channel 26 est snd^hgrlbngtudinaay through me center * » 
of ths cartridge 23, a sane* of drivers 24 extending into 
the track 25 and staples 17 arranged in two sets of par- 
allel double rows. When tissue is engaged between 
clamped jaw members 32. 34. a tiring trigger 1 4 toeaiad 

on housing 16 may be actuated to adv a nce a cutting af- ** 
ement 11 through the engaged tissue to cut ths tissue. 
Simuoanoousty. when the firing trigger 1 4 is actuated, 
tha wedge 13 is advanced tnroogh tne track 25 causing 
the drivers to 24 to displace to w ar d s the staples 17. 
thereby driving tha Sta ples 17 through tissue and into an- » 
vi pockets 36. 

In operation, tha and effector 15 of tie instrument is 
located at a tissue sua where tissue « lo be treated The 
jaw me mb er s 32. 34 are opened and tissue is tien 
placed between the interfacing inner surfaces 35. 33 re- J* 
s p actwafy of jaw members 32, 34. The cla mping trigger 
121* squeezed to cause tne jew members 32. 34 loctoee 
to bea t s and compress bssus between the ntertacvtg 
inner surfaces 33, 35. The doaura of the ctampng trigger 
-1 2 also closes the electrical qrcutt. When me tissue has «> 
been appropi ia te ly ssu s rte d b etwe en the iaw member s 
32. 34. a user may apply RF energy from the generator 
40 usmg a user activated switch 42. Currant flows 
through the compressed tissue b et ween the electrode 
39. i s., me bare 27. 20, andtheanvi 18 

After the RF energy is turned off. the controller indi- 
cates the in s trument status, eg., open circuit, short or- 
cuk. coagutation complete, time over, rt the coagulation 
complete status » kvl icatad . the wring trigger 1 4 maybe 
actuated to advance euthng element 11 through knie *o 
channels 26. 29 to cut engaged tissue between the bars 
27. 29 where the tissue has been cauterized Simultane- 
ously, tna firing trigger 14 aovancea the wedge 13 
through track 25 to advance drivers 24 to fire staples 17 
through tbsueand into pockets 36 of the anvil 18. Thus. « 
the cut line is lateral to tne coagutsbon snes formed by 
the bar electrodes 27, 28 and staples 17 are apcJwdnto 
tongaudinaSy double rows on each side at tttscutbno**- 



ementli as the cuttmg element 11 cuts the tissue. 

The mverttioo described and the specific details snd 
me manner in which a may be carried out having been 
exemptifted 8 w* be readdy apparent to those staled tn 
the art that in n umerable variations, moderations, and 
extensions of the basic pririctpfee involved may be made 
wSJxkjI departng Irom the spun end scope ot me present 
■iveiiborv. Tha impedance feedback system as de- 
scribed above is used to i dea t e when sufficient cauter- 
ization has occurred. Whan c oagulation is comptets, a 
signal may be provided by o ccncroflor to a user, or a 
co j Uiu sei may aosjrrwJcafly bim off flia IV e^ieroy, Cav- 
er txgnae may be provided to sn instrument user es we*. 
For example a tone coneiponolng to the measured trn- 

. pe da nco may be provided , to a user to eudbty monk or 
the change in u npe da n ce . 

ft is also intended that this device end/or method be 
used weri numerous types of efctotiosurgfcal instruments 
ndudsig monopolar, bi pol ar arid muB jpotaf configure* 

. : ttonsv-The snpedance foadbajck system may be sictudsd - 
in part or in whole with .tha actual instrument as a eep- 
arate una anorar wsn me energy source or generator. 

Claims 

1. - A control device comprising! • 

. impedance measurement eireukn/ adapted to 
be cpup^ad.te. fisa us )-<o nlac^ 
ated with a tissue-treating; portion- of a surgical 
instrument and to an energy souros adapted to sup- 
ply therapeutic eJectrosurgcal energy to said elec- 
trodes; and 

an energy control signal adapted to control RF 
energy, suppe ed from said energy source to sakf 

whsrotn said impedance meeeu*ement ev- 
cullry is adapted: 

to measure me knpedance of tissue engaged 
by said tissue treatrig portion of said surgical iristru- 
menti 

to determste a minimum impedance value; 

to U ete n ie n a target impedance value as a 
function of said minimum Impedance vatuo: 

to compere m e asure d impedance vaajes to 
sakf target impedance value; and . 

to aker said energy control signal when sakf 
measured i rnp e dance value exceeds sakf target 
vnpedance value. 

2. The ccvttrol device of claim 1. wherein sakf imped- 
ance measunng ckcukry mc fu dsar 

a first device for dek w nir U rig ths minimum 
mpedanco vakje; 

a second d ev ice c o u ple d to said first device f or 
detomwiing the target e isj e da n co value as a tunc- 
ton of said rnirwnum iipedance vatuetand 
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anca values to said target impedance value ana for 
generating a signal rxncatmg whether said meas- 
ured impedance value exceeds said target tmped- 
anca value 

A control device adapted to be coupled to an energy 
source lor providing eiectrosurgicaJ energy to tissue 
to be treated, the control device comnmrn^ 

a first input tor receiving at )easi one of a test 
signal representative of voeage delivered from said 
energy source to sad tissue and a second signal 
representative of current delivered from said energy 
source to sad tissue; 

a second mpu tor receiving a third signal rep- 
resentative of a target impedance lor said tissue on 
the energy source, deterrntned from the first and 
second signals; and 

a function fitting device for providi ng a fourth 
signal representative of desired energy output 
according to a system toad curve, the fourth signal 
corresponowig to desired energy output for the tar- 
get load impedance represented by the third signal: 

wherein said control device « adapted to: 

control energy output by the energy source 
based on the third signal representative of the toad 
vnpedance: and 

control the energy source to bring electrosur- 
gical energy delivered by the energy source to the 
target wfchfn a range of desired energy output based 
on said system load curve 



4. Thec^rc4devk»c*claim3v^rwtuoe«a com* 
parison device for cornpomg said fourth signal, rep- 
resentatfce or desired energy output, to at least one 
of said first and second signals, said eornparison ss 
device being adapted to provide a control signal tor 
coquetting said energy source. 

6; The control dwc» of claim 4, wherevi said control, 
signal represents a difference between said fourth <o 
signal and said at least one of sax! first and second 
signals. 

6. A generator for providing electiosurgical energy to 
an electros urgcai device, said generator ccmpris- «5 
rngr 

an eiectrosurgicaJ energy source tor providing 
eto ct ro s ur gjcal energy to said electros ur gical 
device; and 

a comrol device according lo any oneol claims so 
1to6. 

-wherein the control device e arranged to con- 
trol the output of said energy source 



7 - • An electrceurgjcai devee tor treating tissue dumg 
a surgical procedure, the etectrosurgical devce 
comprising: 

eteetneeSy isoteted first and second elec- 



trodes adapted to contact tissue to be treated and 
to cause electrosurgrcat energy to be conducted 
between said electrodes through said tissue; and 

a controtdeviee according to eny one of'ctaims 
i toS. 

wherert the control device is adapted to con- 
trot the output of said etectrosurgicat energy 
between sard etoe trodaa . 

a. An etectrosurgicat device for Iraanhg tissue dunhg 
an electrosurgical procedure, the. elect roe urgnai 
device comprising: 

electhcaty isolated first and second etec 
iredes adapted to contract tissue to be treated and 
to cause etectrceurgrcal energy to be conducted 
between said etec trodes through said tissue: 

aneleetroeurgjcaJerwgyswra 
said eiectrosurgicaJ energy to said ele ctrodes ; and 

a coniroldevice according to any oneofetaims 
ItoS. 

wherein said control device is arranged to con- 
trol the output from said etectrosurgcat energy 
source to said elec tr o d es. 



25 9. The electrosurgical device of ctaim 7 or 8. wherewi 
said first electrode is located on one of a first and a 
second element and wherein said first and second 
elements are movable relative to each other for 
en gaging tissue therebetween. 

' " 

10. The electrosurgical device of ctaim 9. wherevi sad 
first and second elements. . 



to 



is 



30 



11. The electrbsurgjcai device of ctaim 9. wherein: 

said first and second elements each com- 
prises an interfacing surface for engaging tissue to 
be eiectrosurgicaav treated. 

said first and second elect ro de s each com- 
prises one or more ele ctr o de elements located an 
sard interfacing surfaces, and 

said first and second electrode elements are 
offset from one another with respect to sad interfac- 
ing surfaces. 
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